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Abstract  Zeolite imidazolate framework-8 (ZIF-8) nanosheets (ZIF-8-NS) with high specific surface area were
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prepared by micro-assisted synthesis method, and uniformly dispersed into poly (lactic acid) (PLA) solution as

nano-dielectrics, then ZIF-8-NS-functionalized PLA (PLA/ZIF-8-NS) nanofibers were prepared by electrospinning to
improve the filtration efficiency and to achieve the long-lasting respiratory protection for the operators. The microstruc-
ture and properties of the prepared PLA/ZIF-8-NS nanofibrous membranes were investigated. It was found that the
addition of ZIF-8-NS resulted in a significant refinement of PLA/ZIF-8-NS fibers (253 nm) and an increase in fiber
surface roughness. The surface potential of PLA/ZIF-8-NS nanofibrous membrane reached 10.4 kV and the dielectric
constant reached 2.71, demonstrating excellent charge storage capability. At the same time, the PLA/ZIF-8-NS
nanofibrous membrane was given excellent filtration performance for ultrafine particles, and the filtration efficiency
for PMy; and PM,;_,; reached 95.57% and 99.95% respectively under the high air flow rate of 85 L/min, with an air
resistance of 305.3 Pa, and the filtration efficiency for PM,, still maintained at a high level of 98.50% after 360 min
of filtration. In addition, the PLA/ZIF-8-NS nanofibrous membrane exhibited superior antimicrobial properties, with
an inhibition rate of 99.9% against Staphylococcus aureus. These results indicate that PLA/ZIF-8-NS nanofibrous
membranes have great potential to achieve long-term filtration and low resistance to ultrafine particles, which can
provide an important safeguard for respiratory health protection of personnel operating in high dust concentration
environment.

Keywords Poly (lactic acid) ; Nanofibrous membrane; Zeolite imidazolate framework-8 nanosheets; Interface

polarization; Long-term filtration
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e 8 ZIF-8 B T PM 5 Ak 28, (B1E PLA 21 4 36 T 4 1 ZIF-8 AR ME S8 4184 /2 FiL 37 5%6F PLA %
b, FECAEGRET Y b = AR B H far B BIF A 2D, DT 1) 559 27 48 1 FL o A BE T . Dai %44 ZIF-8 B A
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HAB S a0 R a5 # , 51 A S PLA W v] 0 35 45 3 97 22 0 W ) VL 0%, (AR 21 4R 1) BLAR A
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Scheme 1 Schematic diagram describing the preparation process of PLA/ZIF-8-NS nanofibrous membranes

PLA/ZIF-8-NS nanofibrous membrane
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1.2.1 Bk 8 By ok ) & ZIF-8-NS R FHRCE Sl Bk il 4% Z1F-8-NS. 5%, % 4 mmol Zn(NO;),+6H,0 Fl
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123 # 25 22 %] & PLAJZIF-8-NS 4 K 4 4 i 45 A AN W] o1 & ZIF-8-NS W27 22 1 W A 5 mL i
SHERT, BFOALA 22 C A INED ;s BB 4 Jm R S A Z ] A BB B R 15 em, 4 3 W S S Oy
0.5 mL/h; £ Bthn+22 kv R, B EEIN-10 kV I H R . #£(25 +5) C. AXFE A (RH) N
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3| PLA/ZIF-8-NS 4N K LT 45t 5 15 BT 1 45 4 PLA/ZIF-8-NS A K £F4E BT 40 ‘C T4 12 h, LAKAE PLA/ZIF-
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MR GAK LT e 1 BEERE . FSUE 1T EEAL T 23T 1 (AP, Pa). (il FHASURL T 40l i 40 K 21 4k
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SEBORT, FrA 8 SR LR 44 R R K B e AT KR . A, A M ACE SRR R, T
37 CHEFAH T 18 hy RJ5, MG A ER KBS IR, SRS M40 1x107 CFU/mL 1 4
FAW; BB M 1. 6 em BYIATE Pure PLA F1 PLA@ZIF-8-NS3 44 > £F 44 JE 43 S B A5 U 2 v, A
200 WL 4 BV W5 7E PHYE AR IR 10 min, SR 5 G TR A BHLER /K 7 T8 4 P 7 V0 28 P 7 10 BT 9 3 T 50
e, K 500 L Ab BT ) A0 RV A S A BEE B B R0k b, JRAE IR AR 1 37 "CREFR 24 h, ME B
TERCRE . SRIIAHIR 0 )7 e BE R 2 K A A b BT B PV R as 1 4.

2 F#ERE5TR

2.1 PLA/ZIF-8-NS &K T 4R HY RAE D 17
2.1.1 ZIF-8-NSH B AR L 4 kot F1(A)~(C)an i T 0 il Bh & Y ZIF-8-NS T2 25 g
K. 5 AZETE T K Z1F-8 S AR A, Z1F-8-NS S B0 i iU g AN FotRIE 3R, AR R )24k
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500 nm, JEEREEZ R 60 nm. AR R £ ZIF-8-NS ELAT B /35 11 b 22 TR R Rl 07 o5, 7 1) 45 5 3L
5 PLA Z [Al g SRR AR, TEM GBS BUL IR 40 L& 1(D)~(G) HESE T ZIF-8-NS 1 F 24L& N,
Zn MO 3FPICE, WM KRR T80T LRI, Zn R MR 0 5uRm, A1k 53. 28%, 0 JC
R E0K5] 43, 48%, NOCR RT3 B0N 3. 24% [ 1(H) ], Ak, 3 R0 AE ZIF-8-NS Hi 1y
SY 53 A — A UE 38 o O i Bk ) 45t T ZIF-8-NS.
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Fig.1 SEM(A, B) and TEM(C) images, TEM image(D) and element mappings(E—G) and EDS
spectrum(H) of ZIF-8-NS

2.1.2 PLA/ZIF-8-NS 4 K A FEW A a0 R T 5304 ZIF-8-NS (AN PLA 49K 21 4 i 52 i FLAEE
i I A LR T L 2T PLA/ZIF-8-NS 9 K21 4E IR (IR 257848 . B 2(A) FI(A) /R H T Pure
PLA [EFHEIEAR . mI UL, £F4EM R TEDETE , 13X Sl X U (2 7 s, DT B AR T ) B 48 1 e
TR .M Z1F-8-NS WIS £ 2 e 557 A2 T R 2 mi [ 2(B)~(D) |, 7ELF LM 30 T A 4 1)
R4k, It HYKREF AR 2 AR MRS , 4k R g

VA
&
O hm

Fig.2 SEM images of Pure PLA(A, A,), PLA/ZIF-8-NS1(B,, B,), PLA/ZIF-8-NS2(C,, C,) and
PLA/ZIF-8-NS3(D,, D,) nanofibrous membranes

HIE 3 HT LA, BEHE 25220 b Z1F-8-NS & 5 8N, AR EF LRy AR B A e [ -3 A (D) A
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Pure PLA 1] 476 nm H] 8 J# /N3] PLA/ZIF-8-NS3 [ 253 nm ], 31 H EARSM 8%, HARMTH N4 s) . &
HE M2 AR T Z1F-8-NS [ i FL S 0] S B 4 S 27 22 W) e v . AERR L i 22 B, SR A
VA WAt A F g PO RE T 1R, $ 0 T 4R R AbBE s, NI REFE2m 1k . 24 ZIF-8-NS f ¥ Jin i
W Zw), LR R Anfk SN BB 5 A3 SEINA AT, axX R B T KA ZIF-8-NS #E. 45 22 5 i 43 T
ARG R4 27 22 S 1 S et DT 3> -3 B sik ) A | o R B e i s 27 4 AR

28 F (A) D=476 nm 35 (B) D=317 nm

S ut S

% 0l % 30
E 16 - E 20
2 r E
E 8t =10
. - < s

1 | 1 — 0 —
200 400 600 800 1000 200 400 600 800 1000
D/nm D/nm
28 - (O) D=300 nm -~ | (D) D=253 nm

< S 28
> S

2 2 24
[} [}

= 220
o (]

& & 16
o (o]

= .z 12
= k5]

5 < 8
Q Q

=4 ~ 4

1 0 1
200 400 600 800 1000 200 400 600 800 1000
D/nm D/nm

Fig. 3 Diameter distribution of Pure PLA(A), PLA/ZIF-8-NS1(B), PLA/ZIF-8-NS2(C) and
PLA/ZIF-8-NS3(D) nanofibrous membranes

2.1.3  PLA/ZIF-8-NS 4y K £4F 4 J&£ t XRD 5 FTIR 4 Kl 4(A) /R 5 T PLA/ZIF-8-NS 44 K &1 4 I 11
XRD E3¥% . 5 Pure PLA 44K 27 4 5 AH H , PLA/ZIF-8-NS 20 K 21 4k 7 20=12. 4° 4b BT )& T Z1F-8
(112) &1 A ERAE I , B ZIF-8-NS B AL IN A &) PLA 9K 27 4k ep 127 ZIF-8-NS By B IH A AT LA
YKL 4 PLA JE @ X 5 Z1F-8-NS 2 df Xk AE BT AL, 330 T 05 4 oK 21 4 f5 ) v 0 4 HL AT 22

“HHH
=z 1\ [28
y= 5 &
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Fig.4 XRD patterns(A) and FTIR spectra(B) of Pure PLA, PLA/ZIF-8-NS1, PLA/ZIF-8-NS2 and
PLA/ZIF-8-NS3 nanofibrous membranes
it 1 FTIR 3 — 25X PLA/ZIF-8-NS 9K 21 5 1 O ZE A 64T T 0 A [ 4(B) 1. [ 2925 em™
BT K PLA th—C—H B4R 8, BEAE ZIF-8-NS YU, 1Z W4 (B DA Pure PLA 1) 2925 cm™ B #i 21 % 3
PLA/ZIF-8-NS3 [)2923 em™'; [R5}, JHJ& T PLA " C=0 BH7 iz 2 (I (Bt Pure PLA 1752 em™ 5
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5% PLA/ZIF-8-NS3 [ 1755 cm™'. —C—H Fl C=0 F#EIE A5 8h 20 K F Z1F-8-NS W iIn A $& 1% 1 %
LSRR TR, SRS T PLA 43 FRE(E L S h Ak e RE , TS —C—H Il C=0 S5 /el ™
A RS . AN, PLA/ZIF-8-NS 44 A £T 4E B8 FTIR YGIEAE 1596 cm™ Ab H 30 A% 57 04 TF B 1 1k e 5 A1
HITETE , X2 WY K LT 4k rP A AE ZIF-8-NS™ . T 7E 955 em™ AL AW IS4 )1 T HA W i e g AR . 7T
PIFE Y, F ZIF-8-NS Fs I Y36, PLA/ZIF-8-NS 40 K T 4 ik v 8 AR (it s 5 B 75 3] T 158, 3 el
ZIF-8-NS AL R F 75 AR EF G B i 1t B A 977 A5, 30X T 08 4R oK 21 4 5 1) S A M e R AL
PERE A EEE L.

2.2 PLA/ZIF-8-NS 4k (T 4EFE R M B

2.2.1 PLA/ZIF-8-NS 4 K 4F 4 By v 08 M SR YRS T A7 1% 2 1T P o 2 SIS X A A o A e L O 11
FEAEE. B S(A)RH T PLA/ZIF-8-NS YK LT AE B e 1T FEL A . BT LU HY, Pure PLA 2K ET4E 11 2 i
HL A 3. 5 kV, T PLA/ZIF-8-NS G K EF LR F i s A28 3] 7 10. 4 kV. X A[HEFLIT LA : (1) 78
B R 2 2z R it T B4 v I R TR P AT S 2 IR, AR (AR R i A 2R T E AT AT
(2) ZIF-8-NS EHAT & ¢ A ATy LU R TAIAR,, AT RIS T 22 A4z Al (57 150, {145 ZIF-8-NS 55 PLA (1) FLHI 2 it
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Fig. 5 Surface potential(A), dielectric constant(B) and linear relationship between surface potential
and dielectric constant(C) for Pure PLA, PLA/ZIF-8-NS1, PLA/ZIF-8-NS2 and PLA/ZIF-8-NS3

nanofibrous membranes
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RO HAA R . FS(B) /R H T ASFE LSRR A BB 5. 2R 4RO FL 3 B Pure PLA 4
KL AERERY 1. 25 BTG N E] PLA/ZIF-8-NS3 A 2. 71. Wi fa £7Ak AE J7 A3 58 v] RE 2 h T ZIF-8-NS I PLA
Z [A]HL AL M BB 1 25 S0 (0 St TR AR Ak 1 it AR FEL A B B 7™ A T . e Ah, i a1 2 A 1 2 1 i o7
F L B AT LA 0 HT T L, PLA/ZIF-8-NS 94 K2 2 5 4 v, 505 2 1 A2 =22 TRIA7 A6 B (g i 2k
K Z (y=4. 88x—2.45)[ EI5(C) ], i3] PLA/ZIF-8-NS 4H K 2T 2k 55 5 Thj A5 119 53 35 1 1m 5 vl i 50
B IAH K .

222 PLA/ZIF-8-NS 4y kK 4F 4 e st e M f8 R 6 (A) /R Y T A4 K £F 2 B AE 25 S 4 32 L/min 1
85 L/min B PM, s 3t J8250% . T LAE 1, BEE 2SRRI, Pure PLA 9K EFAEREXT PM, 193 8
R 95. 33% 5] 89. 42%; 1M PLA/ZIF-8-NS 44 K LT fEXt PM, L A i S8R AR s T3 mis e ik,
e HE: PLA/ZIF-8-NS3 40K £F 4 B () 1: 8 35 %A 98. 58% [ E T 95. 57%. 41 Pure PLA 40K £F 4 i
X PM, 5 3 0 A5 3 S m)  F mT B A Pl 2 A0 1) 4 1 5 T 4 T e o Ay 190 3 2R W, T
PLA/ZIF-8-NS Y KEF YL, Z1F-8-NS Fl PLA Z [B] (9 A i AL 755 T IR 2 R fr B B G 772E , Fe i A7-fif R
JI3E, AR AR TR S S T R RRERL, PRUE T X PM, B0 ik . B 6 (A) AT LU A A
W, FEMIFE 2 SE T, PLA/ZIF-8-NS 9 K £F 2 X PM,, , A3 S8 SR EE Y 5 T Pure PLA 44 K £F 4K
HBEH Z1F-8-NS S ML A3, DK EF 2 5 1) 2ok i8R0 R S 80 Hh 3G I iy e #4425 S i 85 L/min
B, X PM, B3 S8R0 M Pure PLA 119 89. 42% %835 %] PLA/ZIF-8-NS3 [ 95. 57%. iX %] ZIF-8-NS
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Fig. 6 Filtration efficiency for PM, ,(A), air resistance(B) and quantity factor(QF)(C) for filtering
PM, , of Pure PLA and PLA/ZIF-8-NS nanofibrous membranes
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Fig. 7 Filtration efficiency for PM, ,_, .(A) and QF for filtering PM, ,_, .(B) of Pure PLA and PLA/ZIF-8-NS
nanofibrous membranes, and SEM image of PLA/ZIF-8-NS3 nanofibrous membrane after filtration(C)
Inset: enlarged image of PLA/ZIF-8-NS3.

2.2.3 PLA/ZIF-8-NS 4y K 4F 4 JE By K R at e M dt KRR A0 D8 1 B 2 PR e T IR Bs) 0] 15 4P S RE Y
HEZ . K 8(A)/RH TTES8S L/imin A& %5 Z IR Pure PLA Fl PLA/ZIF-8-NS3 WA 40 K £F- 4k i 1E
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Fig. 8 Long-term filtration performance(A) and filtration mechanisms(B) of PLA/ZIF-8-NS3
nanofibrous membrane
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Fig. 9 Antimicrobial performance(A) and antibacterial mechanism(B) of PLA/ZIF-8-NS nanofibrous membrane
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